GENERALIZED KANTOR DOUBLE 



Ivan Kaygorodov 

Sobolev Inst, of Mathematics 
Novosibirsk, Russia 
kib@math.nsc.ru 



Abstract: 

We find necessary and sufficient conditions for a generalized Kantor double to be Jordan. We 
O I also describe (5-superderivations of a generalized Kantor double whose even part is prime. 
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1 IIpe^BapHTejibHbie CBe^eHHa 



(N 
< 

HycTb F — none xapaKxepncTHKH p ^ 2. Cynepajire6poii na^ nojicM F HasbiBaexca ajire6pa A, 
• TaKaa mo A = Aq® Ai c ycjioBHCM 3jieMeHTL.i cynepajire6pt.i A = Ao® Ai 

^ ■ H3 MHOJKecTBa A* = Aq U Ai 6y^eM HasMBaxb o^hopo^hbimh. /1,ji5i o^nopo^noro sjieMenxa x 
cynepajire6pBi A 6yfleM cHnxaxB p{x) = i, ecjin x G Aj. 

Ajire6pa A naji nojicM F nasBiBaexca flop^^aHOBoii, ecjin ona y;];oBjiexBopaex xoac^^ecxBaM 



xy = yx, {x'^y)x = x'^iyx). 



^ \ HycxB G — ajire6pa FpaccMana nafl F, sa^^aHnaa oGpasyiomHMH 1, ^i, . . . , . . . h onpe- 

flejiaiomHMH cooxHomeHHHMH: = 0,^i^j = 3jieMeHXBi . . . ^i^,{ii < ... < ik) o6pa- 

ayiox 6a3Hc ajire6pbi G nap, F. OGosnanHM lepes Gq h Gi no^npocxpancxBa, nopojKfleHHBie, 
cooxBexcxBCHHO, npoH3BefleHH5iMH HexHOH H HenexHOH ^jiHHBi; xor;];a G npe^cxaBjiaexca b Bnfl^e 
npHMOH cyMMbi 3XHX Ho^npocxpaHcxB: G = Gq (B Gi, npn sxom cnpaBe;];jiHBbi cooxHomeHna 

GiGj C Gi^j(^rnod2),hj = 0, 1. 

^ ■ riofl cynepnpocxpancxBOM mbi noHHMaeM Z2-rpa^yHpoBaHHoe npocxpancxBo. Ha npocxpan- 

■ cxBe End{A) 3HflOMop4)H3MOB cynepajire6pBi A = Aq + Ai sa^a^HM cxpyKxypy cynepajire6pbi, 

XaKHM 06pa30M, HTO HeXHblMH SJieMCHXaMH GyflfiM CHHXaXb Xe 3H;i,OMOp(|)H3MbI, KOXOpbie HHBa- 

pnaxHbi Ha H v4i, a HenexHBiMH sjieMenxaMH 6yfl,eM cnnxaxb xaxne 3h;i,omop(|)H3mbi 0, hto 
JXjis cynepajire6pBi A no^ajire6pa 



G{A) = Go®Ao + Gi^Ai 

B xeH3opHOM npoH3Be^eHHH G ^ A Ha3BiBaexc5i rpaccManoBOH oGojiohkoA cynepajire6pbi A. 

EcjiH Q — HCKoxopoe MHoroo6pa3He ajireGp na^i, F. CynepajireGpa A Ha3biBaexc3 Q- 
cynepajireGpoii, ecjin G{A) G Q. TaKHM o6pa30M, cynepajireGpa A aBjiaexcH iiopflaHOBoii cy- 
nepajire6poii, ecjin ee rpaccManoBa o6ojTOHKa G{A) sBjiaexca HopflanoBOH ajire6pofi. 
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Jly6jib KaHTopa [Tj. IlycTb T = T^QTi — accoi^naTHBHaa cynepKOMMyxaTHBHaa cynepaji- 
re6pa c e^HHHij,eH lH{,}:rxr— )-r — cynepKococHMMexpHHecKoe GHJiHHeflHoe OToGpaaceHHe, 
KOTopoe ML.I 5y;i,eM nasbiBaxb ckoGkoh. Ho cynepajireGpe F h ckoGkc {, } mojkho nocxpoHTb cy- 
nepajire6py J{T, {, }). PaccMoxpHM J{T, {, }) = FsFx — npHMyio cyMMy npocxpaHCTB, r^e Tx 
— H30Mop4)Ha5i KonHH npocTpaHCTBa F. CnHxaeM, hto D{a) = {a, 1}. Hycxb a,b — o^Hopo^Htie 
sjieMeHXbi H3 F. Tor^a onepai^na yMHoacenHH ■ na J(F, {, }) onpeflejiaexca (|)opMyjiaMH 

a ■ b = ab,a ■ bx = {ab)x, ax ■ b = {—iy^''\ab)x, ax ■ bx = {—ly'^''^ {a, b}. 

nojiojKHM A = Tq + Tix, M = Fi + Tqx. Tor;];a J(F, {,}) = A Q) M — Z2-rpa;];yHpoBaHHa5i 
ajireGpa. 

JJ,jis yHHxajiBHoit cynepajireGpti cKoGxa {, } naabiBaexca flopflaHOBoli, ecjiH npn oflHopo^Hbix 
sjieMCHxax fi,gi,hi G Fj BbinojinaioxcH cjieflyiomHe cooxHomeHHs 

{fi, 9jhk} = {fi, 9j}hk + {-iy^gj{fi, h} - D{fi)gjhk, (1) 

{/., {g„ hk}} = {{f^, g,}, hk} + {-i f{gj, {f^, h,}}+ 

D{fi){gj,h} + i-iy^Dig^){h,J,} + i-iy^^+^^Dihk){f,,g,}. (2) 

B ;];ajibHeHmeM, sjieMenxBi ki, fi,gi, hi mbi 6y^eM Bcer;i,a cHHxaxb o;];Hopo;];Ht.iMH. 

Xopomo H3BecxH0 [21 |3], hxo cynepajire6pa J(F, {, }) fiop;];aHOBa xor^a h xojibko Torfl^a, 
Kor^a cKoGxa {, } HBjiaexcH HopflanoBOH. B cHjiy iiopflaHOBocxH cynepajire6pt.i J(F, {, }) nojiy- 
HaeM, Hxo D : a — )■ {a, 1} — flHc|)(|)epeHij,HpoBaHHe cynepajire6pt.i F. 

EcjiH D — HyjieBoe ^H(|)(|)epeHn;HpoBaHHe, xo {, } aBjiaexca cko6koh HyaccoHa, x.e. 

{a, be} = {a, b}c + (-l)P(")P('')6{a, c} 

H F — cynepajireGpa JIh oxHocHxejiBHo onepaii,HH {, }. HpoHSBOJibHaa cKoGxa HyaccoHa sBjia- 
exca HopflaHOBOH ckoGkoh 

Xopomo HSBecxHo |2l|3], hxo Hop^anoBa cynepajireGpa J = F + Fx, nojiyneHHaH c noMombio 
npoii,ecca y^BoeHHH Kanxopa, Gy^ex sBjiaxbca npocxofi xor;];a h xojibko xor^a, Kor;];a F ne HMeex 
HenyjieBbix nfl^ajioB B c ycjioBHCM {F, C B. 

Cynepajire6pa BeKTopnoro THna J{T,D). Hycxb F — accon;HaxHBHa5i cynepKOMMyxa- 
xHBHaa cynepajire6pa c HenyjieBbiM HexHbiM ^H4)4)epeHn;HpoBaHHeM D. Onpe^ejiHM na F cko6- 
Ky {, } nojiaraa {a, 6} = D{a)b — aD{b). Tor^a cKoGxa {, } — flop^anoBa cKoGxa. HojiyHeHHyio 
cynepajire6py J(F, {, }) Gy^eM oGosHanaxb KaK J(F, D). 

2 Hop^aHOBOCTb o6o6iii,eHHoro ^yGjia Kanxopa 

B flaHHoii HacxH pa6oxL.i mbi paccMoxpHM o6o6iu;eHHbiH pyGjih Kanxopa. Mbi ocjia6HM ycjioBne 
yHHxajiBHocxH H cynepKOMMyxaxHBHocxH cynepajireGpbi F h nocxpoHM cynepajireGpy J(F, {, }) 
no anajiorHH c Bbime npHBe;];eHHOH KOHcxpyKi^Hett. Ecjih cynepajireGpa F oGjia^aex ;];Hc|)(|)e- 
peHi];HpoBaHHeM D, xo, sa^aB CKoGxy {, } no npaBHjiy {a,b} = D{a) — aD{b), mbi nojiy^HM 
cynepajireGpy Bexxopnoro xnna (ne oGaaaxejiBHo ynHxajibHyio) . 

JlerKo saMexHXb, hto ycjioBHe npocxoxbi cynepajireGpti J(F, {, }) Bjienex oxcyxcxBne nj^ea- 
jioB / B cynepajireGpe F c ycjioBHCM {I, F} C /. B npoxHBHOM cjiynae, b cynepajire6pe J(F, {, }) 
MBi HMCJiH 6hi HenyjieBoii rpa^yHpoBaHHtiii H^eaji / + Ix. 
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CKo6Ka {, }, onpe^ejieHHaa na cynepajireGpe F, HasbiBaexca fiopflaHOBott, ecjiH 



(3) 



hkk{gj,fi}) 



i-lf^'^'i{kih,gj}h 



kfi{gj,hk}) 



(4) 



{-l)^'+'^\{hk,gj}f. 



fthk{gj,ki}) = 
{hkki,gjfi}) + 



{-lf+^)\{kj„g,}h 



{kifi,gjhk}). 



(5) 



TeopeMa 2.1. 06o6in;eHHi.m pyGjih KaHTopa J(r, {, }) aBjiaexca fiopflaHOBoit cynepaji- 
reGpoH Tor^a h tojibko xor^a, Kor^a cKoGxa {, } sBjiaexca iiopflaHOBOH h cynepajire6pa F — 
cynepKOMMyxaTHBHa. 

^OKasaTejibCTBO. HsBecxHo, hto HopflanoBa cynepajire6pa y^oBjiexBopjiex xojK^^ecxBaM 



rfle [f,g,h] = {f ■ g) ■ h — f ■ {g ■ h) — o6L.iHHt.m HerpaflyHpoBaHHtm accon;Haxop h fi = fi + /j+ix 
— 6a3HCHL.ie BjieMeHXbi Ji = Fi + -Fi+ix. 

JlerKO aaMexHXB, hto cynepajire6pa J(r, {, }) y^oBjiexBopaex ycjiOBHio (E]) xor^a h xojibko 
xor^a, Kor^a F — cynepKOMMyxaxHBHaa cynepajire6pa. 

^jia ycxaHOBjieHH3 SKBHBajieHXHOcxH MeJK^y xo>K;i,ecxBOM ([7]) h cooxHomeHHHMH Ropjia- 
HOBOH ckoGkh (|3ll5]) HaM flocxaxoHHo npoBepHXb sKBHBajieHXHocxb Ha o;i,Hopo;];HL>ix 3jieMeHxax 
cynepajireGpbi J(F, {, }). B ;];ajibHefimeM, cHHxaeM, hto ft, gt, ht, kt G F^. FIocKojibKy F — acco- 

Il,HaXHBHa, xo 



TaKHM o6pa30M, ^ocxaxoHHo paccMoxpext cjiynan, Kor^a b xojK^ecxBe ([7]) cpe^H sjieMenxoB 
fi, gj, hk, ki ^Ba HjiH Gojiee sBjiaioxca sjieMenxaMH Fx. HpoBefleM nocjieflOBaxejiBHtie Bbinncjie- 

HHS. 




(6) 





(7) 



[fi ■ hk, gj, ki] = 0, [fiX ■ hk, g-j, h] = 0, [fi ■ hkX, gj, ki] = 0, 
[fi ■ hk, gjx, ki] = 0, [fi ■ hk, gj, kix] = 0. 



= ■ hk+ix,gj+ix, h+ix] + 

[-lY^+3>[hk+ix ■ ki+ix, gj+ix, fi+ix] + (-1 [/Ei+ix ■ fi+ix, gj+ix, hk+ix] 

hk+,}g,+,, h+,} - hk^i}{g,+i, h^r}) + 
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JlerKo saMCTHTb, hto mm nojiynaeM anajior To^K^ecTBa 
= ■ hk+ix,gj+ix, ki] + 

. g.^^x^ f.^^jr] + . c/^+iX, /ifc+ix] = (8) 

hk+,}g^+ik - {f^+l, hk+^}g,+^h)x + 

SaMCTHM, HTo Mt.1 HMceM aHajior To>K;i;ecTBa dl]). 

BbiHHCjiHa, BH^HM HTO [fx-kx, g, kx] = 0, cjie^oBaxejiBHO, npn no^cxaHOBKe fj = fi+ix, gj = 
gj, hk = hj^^ix, ki = /cj+iX b cooxHomeHHe ([7]), b npaBoii nacxH mbi HMeeM nyjieBoe BtipaJKeHHe. 

= ■ hk,gj+ix, k+.x] + 

. ki+ix,gj+ixji+ix] + ■ fi+ix,gj+ix, hk] 

OxMexHM, HTO npH aaMene fii-^hk,hk^ki,ki^ fi mbi nojiynHM BbipaJKeHHe (jH]), Koxopoe 

SKBHBajieHXHO dl]). 

= . hk+ix,gj+ix, ki+ix] + 

. ki+ix,gj+ix, fi] + {-lY^+^'^''[ki+ix ■ fi,gj+ix, hk+ix] 
3jieMeHxapHo saMexHXb, hto npn saMene fi ki, ki h^, ^ fi mbi nojiyHHM BbipajKeHHe 

([H]), KOXOpOe SKBHBajieHXHO (jl]). 

= {-lY'+^)%.hk,gj+ix,ki+ix] + 

. A;,+iX,(?,-+iX,/,] + (-l)('+^>[A;^+iX ■ /i, /i^] = (9) 

^_lY^+l)l+l+l^{f^hkg,+,, k+,} - fih{g,+,, k^,}) + 
(-lY''+j)^+J+\{hkki+,,gj^,}f, - {huki+i,g,+if,}) + 

_ {ki^,f,^g^^,hk}). 

OneBHflHo saMenaeM, hxo mm hmccm anajior xojKflecxBa ([5]). 

= (-l)(^+^-)'[/,./^,+iX,(7„A;,+ix] + 

. g,, fi] + (-l)('+^>[A;,+ix ■ Vix] = 

- {f\hk+i,gMi}) + 
j^^./^ _ s^hu+i, ki+r}g,fi) + 

JlerKO saMexHXb, hxo nojiyneHHoe cooxHomeHne SKBHBajieHXHO 
^_lf+3)i^i^f^hkg,M} - {f^hk,9M) = 

{-lf+^^'{{kf,g^,hk} - {kf„g,h}). (10) 

= {-lY^+^)%.hk+ix,gj+,x,ki] + 
^-lYk+,)^^hk+^x ■ ki,g,+,x,f,] + (-1)('+^>[A;, ■ fi, g.+^x, h^+ix] 

SaMexHM, HTo npH saMene fi hk,hk ^ ki,ki i— )■ fi mbi HMeeM Bt.ipa>KeHHe 0, Koxopoe 

3KBHBajieHXHO ([5]). 

= (-l)(^+^)'[/,+ix-/ifc,(7,-,fc,+ix] + 

. ki+ix,g„ fi+ix] + (-l)('+^>[fc,+ix ■ fiX,gj, h+i] 
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JlerKo saMexHTb, hto npH saMene fi i— )■ fc/, fc/ i— )■ hk,hk H- fi mm nojiyHHM BbipaaceHHe 
SKBHBajieHTHoe fllOp . 

= {-lY'+jy[f,+,x-hk,gj+ix, ki] + 

Ohcbh^ho saMenaeM, hto npn saMene /j i— )■ ki, ki i— )■ /i;,, /ij^, i— )• mbi HMeeM BtipajKeHHe 

KOTOpoe SKBHBajieHTHO (|5]). 

= (-l)(«+J-)'[/,+iX-/ifc+ia;,(7i,fc/] + 
^^lyk+j^hk+ix ■ ki,g^,f,+,x] + ■ f^+iX, g„ h^+ix] 

JlerKO saMexHTb, hto npn saMene fi hk,hk ki,ki /j mbi nojiyHHM BbipaJKeHHe 

SKBHBajieHTHOe (fTOj) . 

/Ijih flOKaaaxejibCTBa xeopeMbi ocTajiocb noKaaaxL., hto cHcxeMa TOJK^ecTB ( 15|TU]) 3KBHBa- 
jieHTHa CHCTeMe xojK^^ecTB (Hf5|) . Hs (fTOj) h ([5]) MoxceM nojiyHHTt 

{-lf+^yf.h,{g„ki} + {-lf+^)'^{kf,,gj}h + {-lY'+^^'{hk,gj}U 
OTKy;];a, nyxeM saMenbi ki, ki nojiyHHM 

{-lf+^^'{f\h,g,hk} + {-lf+^^^{h,f,g„ki} + {-lf+^^'{kih,g,f-} = 

{-lf+^^'fM9,,h} + i-lY'^'^'{hf.,gj}h + i-lf'-'^'ikih^gjjU 

IIpHMeHHM ([5]) H nojiyHHM 

{-lY^+^^'fMgj^h} + i-lf^'^'{h^,gj}k + i-lf^'^' {kih,g,}fi = 

{-iy'+'''''\hiy''-''f^h,{g,,ki} + {-lY^^^^^^ 
OTKy^a, nyxeM saMenbi fi ^ ki, ki ^-^ fi, nojiynaeM 

i-lf^^^' hf,{g„h} + i-lf+^^'{hh,gj}f- = 

{-lY'+^^'hM9j,M + i-lf^'^' {kifi,gj}h,. 

Hto, b cbok) oHepe;i,b, aBjiaexca nojiHbiM anajioroM (jl]). TaKHM oGpasoM, xeopeMa ;i,oKa3aHa. 

Otmcthm, hto HeyHHTajiBHOH accoii;HaTHBHo-cynepKOMMyTaTHBHOH cynepajire6pB.i F c 
flH(|)(|)epeHii;HpoBaHHeM D cynepajireGpa BeKTopnoro rana J(r, D) Gy^ex HBjiHXbca iiop^aHo- 
Boii. ^oKasaxejiBCTBo jierKo cjie^yex h3 npoBepKH xojK^ecxB (^j^. 

3 O (5-cynep^H(J)(J)epeHLi;HpoBaHH5ix oSoSmeHHoro ffy6ji5i 
KaHTopa c nepBHHHoii hgthoh nacTbK) 

Hccjie;];oBaHHe 5-;];H(|)(|)epeHij,HpoBaHHH Bbixexaex hs pa6ox H. C. Xohkhhc [5] h B. T. Oh- 
jinnnoBa |6j, r^e paccMaxpHBajiHct. aHXH^H(|)(|)epeHij;HpoBaHHH (x.e. (-l)-;];H(|)(|)epeHn;HpoBaHH3) 
ajireGp JIh. B ^ajibHeflmeM, 3xh peayjibxaxBi nojiynnjiH oGoGmenne b paGoxax B. T. OnjinnnoBa 
[U E]. /lajiBHeHinee Hccjie^oBaHHe 5-flH4)4)epeHii;HpoBaHHH cBHsano c pa6oxaMH B. T. Ohjijih- 
noBa [9], H. B. Kaflropo^oBa |1 H fT2 | [T3 | 115]. H. B. Kattropo^oBa h B. H. >Keji5i6HHa [13], h H. 
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SycMaHOBHHa [TO]. B peayjibTaxe, Gmjih onHcaHbi (5-;];H(|)4)epeHii;HpoBaHHa nepBHHHbix accoii;H- 
axHEHMX, ajibTepHaTHBHMX, jineBbix h MajibiJ,eBCKHX HejineBbix ajireGp, nojiynpocxbix iiop^^a- 
HOBbix ajireGp, nepBHHHbix jihcbbix cynepajire6p, nojiynpocTbix KoneHHOMepHbix Hop^anoBbix 
cynepajire6p h npocxbix yHHTajitHbix cynepajireGp fiop^aHOBoii ckoGkh. Bojiee noflpoGnyio hh- 
4)opMaii;Hio no onncaHHio (5-flHcJ)cJ)epeHii;HpoBaHHH h (5-cynep^H4)4)epeHLi;HpoBaHHH mojkho nafl- 
TH B o63ope |16| . 

O^Hopo^HbiH sjieMeHT ip cynepnpocTpancTBa 3h^omop4)H3mob A ^ A HasbiBaexcH cynep- 
flH(J)c|)epeHn;HpoBaHHeM, ecjin 

PaccMoxpHM cynepajireGpy JIh A h 3a(|)HKCHpyeM sjieMenx x (z Ai. 1oTj\a, : y — )■ [x,y] 
sBjiHexca cynep;];H(|)4)epeHij,HpoBaHHeM cynepajire6pt.i A h ero hcxhocxb p{ux) = i- 

JJ^Jis (|)HKCHpoBaHHoro sjieMCHxa 6 h3 ocHOBHoro nojiH, nofl, 5-cynep;],H4)(|)epeHij,HpoBaHHeM 
cynepajire6pL.i A = Aq (B Ai mbi noHHMaeM o^^nopo^Hoe jiHHefiHoe oxoGpaaceHne (p : A ^ A, 
xaKoe Hxo j^jis oflHopoflHbix x,y & A BbinojiHeno 

= + (11) 

riofl cynepii;eHxpoH;];oM Ts{A) cynepajire6pt>i A mbi 6yfl,eM noHHMaxb MHoacecxBo Bcex o^- 

HOpO^HblX JIHHefiHblX OXo6pa>KeHHH X : A — >■ A, ^JIH npOHSBOJIBHblX o^Hopo^Hbix sjieMenxoB 

a, b yflOBjiexBopaiomHX ycjiOBHio 

x(a6)=x(a)6=(-ir('^)^Wax(6). 

IJ^eHxpoHfl ajireGpbi A onpe^^ejiaexcH no anajiornn n oGosnanexca T{A). 

SaMexHM, Hxo l-cynep;];H4)4)epenn,HpoBanHe aBjiaexcH o6t.iKnoBennt.iM cynep;];H(|)(|)epeHu;H- 
poBanneM; 0-cynepflH(|)(|)epenn;HpoBanHeM aBjiaexca npoH3BOjibnt.iH 3n;],OMop(|)H3M cynepaji- 
re6pt.i A xaxon, nxo = 0. 

HenyjieBoe 5-cynepflH4)4)epeHu;HpoBanHe 6y^eM cnnxaxt nexpHBHajibntiM, ecjin 5 7^ 0, 1 
H ^ TsiA). 

B ^annoH nacxn mbi paccMoxpnM 5-cynep^H(|)(|)epenn;HpoBanH5i o6o6iu;ennoro py6jis Kan- 
xopa J(r, {, }), nocxpoennoM hcxo^h h3 A = F — nepBnnnon accon;HaxHBnoH ajtre6pt.i n ckoGkh 
{, }. HanoMnHM, nxo A aBjiaexca nepBnnnon ajireGpon, ecjin h3 paBencxBa aAb = fljia nexo- 
xopbix sjieMenxoB a, b ajire6pt.i A cjiepyeT, nxo jih6o a = jih6o 6 = 0. 

B ^ajiBnenmeM, nepe3 (Ai (J(r, {, })))j Sy^eM o6o3nanaxb npocxpancxBo |- 
cynepflHcJ)cJ)epenu;HpoBanHH cynepajire6pt.i J{T, {, })), HMeiotu;Hx nexnocxb i. 

TeopeMa 3.1. CynepaAde6pa J(r, {, }) ne UMeem nenyAeeux 6-cynepducf}cf)epeHV,upoeaHuu, 
ecAU 6 7^ 0, |, 1. EcAU — Hemnoe ^^-cynepducfxpepeHViUpoeaHue J(r, {,}), mo {0|a,0 G 
(Ai ( J(r, {, })))o} = r(y4) n Ai(y4, {,}) u (t>{ax) = (t>\A{a)x. B uacmHocmu, ecAu J(r, {,}) 
— cynepaAee6pa eeKmopnozo muna, mo {0|yi,0 G (Ai(J(r, {, })))o} = r(A). 

^OKaaaTejifaCTBO. IlycxB — nexnoe 5-cynep^H4)(|)epenn;HpoBanHe n 0(cx) = 0cX. Pac- 
CMOxpHM orpannnenne 0|a na no^ajireGpy A. TaKHM o6pa30M, 0|^ ecxt ^-^ncjacjiepenrtHpoBanne 
nepBHHHoit accon,HaxHBHOH ajire6pt.i A. Corjiacno |9], npn 5 = | hmccm 0|yi G r(y4), anpn 5 7^ | 
HMeeM 0|yi = 0. 

B ;];ajibneHmeM, nepe3 a, 6, c, ci mbi o6o3nanaeM npoH3BOJibnt.ie sjieMenxbi ajire6pt.i A. Pac- 
CMoxpHM cjiynafi 5 7^ |, Tovj^a. 

d'^ab(l){cx) = Sacpipcx) = cp^abcx) = 5ab(f){cx), 
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HTo Bjieiex ab(j){cx) = 0, to ecxt. ab(j)c = 0. B cHjiy nepBHHHocTH A, sto Bjieiex (pc = 0. Tekhm 

oGpaSOM, ML.I HMeeM XpHBHajIbHOCXb (f). 
ECJIH 5 = |, TO 

-(j){a)hcx + -a(j){b)cx + -ab(j){cx) = (f){abcx) = -(j){ab)cx + -ab(f){cx). 
OxKy^Ha, nojibsyacL. tcm, hto (l){a)bc = ab(f){c) = a(f){b)c = (j){ab)c, jierxo nojiynaeM 

a6(</.e - 0(c)) = 0, 
HTO, B CHjiy nepBHHHOCTH A, jiaeT 0(c) = (pc- Otmcthm, hto 
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(p{a,b} = (f){ax ■ bx) = -(0(ax) ■ bx + ax ■ (f){bx)) = -{0(a), 6} + -{a, 0(6)}, 

TO ecTt. 0|a € ^i(^; {) })• SaMCTHM, HTo J11060H sjieMGHT iP\a G T{A) fl Ai{A, {, }) npOflOJIJKa- 
exca flp HCTHoro |-cynep;i,H(|)4)epeHi];HpoBaHHJi no npaBHjiy ip{ax) = ■0|yi(a)x. 

IlycTb — HenexHoe |-cynep;],H(j3(j3epeHij,HpoBaHHe cynepajire6pt>i J(T, {, }), Tor;];a 

5^(f){a)bc + 5'^a(j){b)c + 5ab(l){c) = (p^abc) = 5(j){a)bc + 5^a0(6)c + 5'^ab(j){c). 

OTKy^a jierKo cjie^yex (l){a)bc = ab(j){c), nojibsyacb neu, HMeeM 

(f){ab)dc = abd(f){c) = a(f){b)dc. 

OTKy^a, B cHJiy nepBHHHocxH A, BbixeKaex 0(a6) = (f){a)b = a(j){b). BocnojiBsoBaBmHCb (fTT]) . 
HMeeM 

0(a6) = (5(0(a)6 + a0(6)) = 2(50(a6). 
TaKHM o6pa30M, bosmojkhbi ;];Ba cjiynaa 5=0 ^^^^k 

5 ^ I H 0(a6) = 0. 

Ha Bxoporo cjiynaa, jierxo Bbixexaex = 0(a6)c = 0(a)6c. OxKy;];a b cHjiy nepBHHHocxH A, 
nojiynaeM 0(A) = 0. Ocxajiocb aaMexHXb, hto 

5ab(f){cx) + 5(l){ab) ■ cx = (l){abcx) = 5(j){a){bcx) + 5'^a{(l){b) ■ cx) + 5'^ab(f){cx), 

TO ecTh (5^ — 6)ab(f){cx) = 0. TaKHM oGpasoM, Hcnojibsya nepBHHHocxb A, HMeeM 0(cx) = 0. 
OcHOBHoe yxBepjKfleHHe xeopeMbi ^^oKasano. 

OxMexHM, HTo ecjiH J(r, {, }) — cynepajireGpa Bexxopnoro xnna h 0|^ G r(y4), xo 

D(a0U(6)-0U(a)6) =0, 

D(a)0U(6) + aZ}(0U(6)) - (/^(0U(a))6 - 0UD(6)) = 0, 
20U(Z}(a)6 - aD{b)) = D{<PU{a))b - 0U(a)D(6) + D(a)0U(6) - aD(0U(6)), 

0U{a,6} = -{0U(a),6} + -{a,0U(6)}, 

xo ecxb 0|a G Ai (A, {, }). TeopeMa ^OKasana. 

OxMexHM, HTo B cjiyHae Kor^a F — sBjiaexca accon;HaxHBHo-KOMMyxaxHBHOH nepBHHHoii 
ajireGpoH h cKoGxa {, } jiBjiaexca HopflanoBOH ckoGkoh, xo no xeopeMe 2.1 mbi nojiynaeM oxcyx- 
cxBHe HenyjieBbix 5-cynepflHcJ)4)epeHn;HpoBaHHH npn 6 ^ 0, |, 1 ^jia cynepajireGp HopflaHOBoii 
cko6kh c nepBHHHOH KOMMyxaxHBno-accon;HaxHBHOH nexHoii nacxbio. 
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